Abstract
Introduction
Learning disabilities (LD) refer to a large group of neurological disorders caused by deficits in the central nervous system that influence the individual's ability to efficiently maintain, process or convey information to others (e.g. [1] ). The most prevalent current definitions of LD focus on impairments in academic skills [2] , such as an imperfect ability to listen, think, speak, write, spell, or perform mathematical calculations [3] . Consequently, LD is usually diagnosed within educational systems (e.g. [2, 4] ). However, the literature reveals that children, as well as adolescents with LD may deal with social and emotional difficulties in addition to their academic difficulties (e.g. [5, 6] ). Studies on children, adolescents and adults with LD indicate frequent comorbidity with other health conditions described in the Diagnostic and Statistical Manual of Mental Disorders (DSM) [7] . For example it was reported that a high percentage (25-50%) are also diagnosed with attention deficit hyperactivity disorder (ADHD) (e.g. [8] ), and that between 40-50% [9] also suffer from depression and anxiety disorders (e.g. [10, 11] ). Therefore, the latest version of the DSM (5 th Ed.) [7] includes a suggestion to identify LD based on a clinical synthesis of developmental, medical, family, and educational assessments and reports [4] . Given the described above, the design of this study employed the concepts of the International Classification of Functioning, Disability and Health (ICF) framework presented by the World Health Organization [12] . It has been suggested that this comprehensive health model is useful for the exploration of the needs of adults with LD in various life domains [13] . The central concepts of the ICF model include the following components: health condition, contextual factors, body functions and structures, activity and participation (Fig 1) . Health condition refers to any disease, disorder or injury that exists in a person's life, while body functions and structures include all human body parts and their functions. Activity describes the execution of specific tasks and participation describes involvement in a range of life situations [12] . Levels of activity and participation are viewed as outcomes of the interaction between health conditions and contextual factors.
Executive functions
Executive functions (EF) are defined as the mental capacities involved in effective goaldirected activities (e.g. [14, 15] ). These functions are dependent on prefrontal brain areas (e.g. [16] ) and on links between dorsolateral frontal and parietal neocortices (e.g. [17] ). Current literature suggest that groups of brain regions cluster together into densely interconnected structures and that these interactions change during task execution (e.g. [18] ). According to Elliott (2003) , EF are involved in complex cognitions, such as solving novel problems, modifying behavior in light of new information, generating strategies, or sequencing complex actions [14] . The literature presents various definitions of the term of EF and of its constituent components [19] . According to the ICF model, EF are referred to as higher-level cognitive functions and are classified as a body function in the chapter that discusses mental functions [12] . In the current study, EFs are operationally defined according to the nine clinical scales in the Behavioral Rating Inventory of Executive Functions (BRIEF-A): inhibit; shift; emotional control; self-monitor; initiate; working memory; plan/organize; task monitor; and organization of materials [20] . These BRIEF-A scales relate to EF domains that include the ability to initiate behaviors, inhibit responses or competing actions, retain and manipulate information (working memory), select relevant task goals, plan and organize thoughts and behaviors, think flexibly and adapt to changes in one's environment, regulate emotions, and monitor and evaluate one's thoughts, emotions, and behaviors [19] .
The literature reveals significant differences between children and adolescents with LD and controls with respect to a variety of EF components, while working memory, inhibition, initiation and set-shifting deficits were shown to be related to impaired abilities in reading, mathematics and writing [21, 22, 23, 24, 25] . In addition, research has demonstrated that organizational abilities significantly discriminated between children with and without dysgraphia [26] . However, the literature on EF among adults with LD is sparse. In her master's thesis Grinblat (2012) found that adult students with LD demonstrated significantly more difficulties in all BRIEF-A subscales and general scores compared to adult students without LD [27] . The findings of other studies have also indicated that children and adults with dyslexia have EF deficiencies relating to the ability to inhibit distractors and sequence events [28] . Moreover, Vasic and colleagues demonstrated functional differences in cortical regions associated with language processing and EF among adolescents and young adults with dyslexia [29] , and Swanson found that short term and working memory were important in reading comprehension and mathematics performance in both children and adults with LD [30] .
Organization in time
The ICF relates to the concept of time management both as a component of Body Functions and also as a component of Activity and Participation, in the section on General Tasks and Demands. In the current study, time management was examined in the context of the participants' daily functioning and therefore will be considered as it relates to the component of Activity and Participation [12] .
The organization of daily activities and their execution in time is an expression of how individuals proceed through the time cycle based on their personal temporal abilities [31] . These abilities are required for independent work and long-term projects [32] . Grinblat found that adult students with LD had significantly lower time perception ability and time organization performance as measured with the TOPS questionnaire compared with adult students without LD [27] . Efficacy and successful functioning under time constraints provide the individual with a sense of control, which is related to better physical health, academic achievement [33] , and quality of life (QoL) [34] . Given the EF deficits found among individuals with LD and ADHD (e.g. [35, 36] ) and the impact of these deficits on the individual's quality of life (QoL) it seemed important to examine the perception of QoL within this population as well.
Quality of Life
Quality of life (QoL) is a concept which broadly encompasses how individual persons measure the 'goodness' of multiple aspects of their lives [37] . The World Health Organization defines QoL as people's perception of their position in life in the context of the culture and value systems in which they live, and in relation to their goals, expectations, standards and concerns [38] . Most QoL conceptual models include a number of domains that focus on the following life dimensions: material, physical well-being, emotional well-being, social well-being and productivity [39] . This study employed the WHOQOL questionnaire to measure QoL in four domains: physical, psychological, social and environmental QoL [40] . The measure of QoL in the population of individuals with LD and co-occurring health conditions appears to be a new research interest, which has indicated low levels of QoL among children with LD [41] and among adults with ADHD [42] .
Aims of the study
The literature reveals that adults with LD may demonstrate EF deficits, which may be expressed as limitations in the temporal organization of their daily activity and thus influence their QoL. Therefore the aims of the present study were: (a) to compare executive functions, organization in time and perceived QoL among adults with LD and a matched control group; (b) to examine the relationships and predictive relationships between these variables in the group with LD using concepts from the ICF model.
Methods Procedure
This study was designed as a quasi-experimental case-control design. It was approved by the ethics committee for human subject research of the Faculty of Social Welfare and Health Sciences at Haifa University. Data was collected between March 2011 and August 2012. The researcher met with each participant individually in a quiet location and obtained a signed written informed consent. Each participant completed a socio-demographic questionnaire followed by an extensive set of evaluations and questionnaires. Adults with LD were invited to have the questions read to them out loud, and to receive a free professional advisory hour in exchange for their participation.
The final sample size of 110 participants (55 adults with LD and 55 controls) was determined using a statistical power analysis program [43] . The G Ã Power3 program calculated a critical t of 1.659 with 108 df and a sample power of 0.831 for 21 central constructs which were examined with an effect size of 0.5 and α error probability of 0.05.
The inclusion criteria were: 20-50 years of age, mother tongue level of Hebrew reading and writing, intact vision and hearing or corrected with an aid, without motor or neurological disabilities, generally healthy with no chronic diseases or significant injuries that could influence daily activities and QoL. Participants in the study group were required to present proof of their LD diagnoses signed by a formal professional. With respect to the control group, only participants who could answer "no" to the following two questions were included: "Has anyone ever told you that you may have a LD?" and "Did you ever think you may have a LD?"
Participants
A convenience sample of 110 adults from the Southern and Central regions of Israel participated in the study. Participants were invited to participate in the study via e-mails and Facebook. Those who wanted to participate in the study contacted the researcher and were asked initial questions to confirm inclusion criteria. Fifty-five adults presented proof of a formal diagnosis of LD and 55 adults were assigned to the control group. The two groups were matched for the following socio-demographic variables: gender, age, level of education and socio-economic status (α > 0.05).
Instruments
Socio-demographic questionnaire. This self-report questionnaire includes 36 questions and was constructed for this study. Twenty-five questions relate to participants' socio-demographic status and the remaining 11 relate to their developmental background, their past experiences in high-school and to their employment history.
Behavioral Rating Inventory of Executive Functions-Adolescents/Adults version (BRIEF-A) [20] (Hebrew version).
A 75-item self-report questionnaire that examines the behavioral manifestations of the examinee's EF. For each item, participants indicate how often they behave as described in the item on a 3-point scale. Higher grades indicate more difficulties in EF. Nine subscales are calculated: inhibition; set-shifting; emotional control; self-monitoring; task initiation; working memory; planning/organization; task monitoring; and organization of materials. These subscales are standardized to produce T-scores according to age and gender norms. In addition, two index scores are calculated: a behavioral regulation index (BRI) and a meta-cognition index (MI), as well as a global score referred to as the executive composite (GEC) score [20] . The BRIEF-A is known for its ecological validity [44] and for the similarity between its test items and daily, real-life challenges [45, 46] . A validated translation to Hebrew was implemented in the current study. Initial results supported the internal consistency, structure validity and discriminant validity of the Hebrew version among adults with ADHD [47] .
Time Organization and Participation (TOPS) [32] . A 35-item self-report questionnaire examines the subject's difficulties in time organization while performing daily tasks and serves as a functional measure of the subject's EF. The questionnaire comprises three parts and is rated on a 5-point rating scale. Part A requires the respondents to rate the extent to which they feel that they perform each daily activity at an appropriate pace, as expected in their the environment; in part B respondents rate their performance in time organization over the course of the day or within a certain period of time; in part C respondents rate the frequency of different emotional responses following unsuccessful organization of time. Two additional items in part D relate to the influence of change in routines and various stimuli on the individual's organization of time abilities, but these items are used for clinical purposes [32] and were therefore not statistically analyzed for this study. Lower scores indicate higher risk of difficulties in organization and participation in time in daily tasks. High internal consistency was reported for the TOPS general score (α = 0.92) and for factors A, B and C (0.87 < α < 0.92) and construct validity was reported by differences in age groups [32] .
World Health Organization Quality Of Life questionnaire (WHOQOL) [40] . A 26-item self-report questionnaire to measure the subject's self-perception of his/her QoL according to a 5-point rating scale. Participants rate their level of satisfaction or the level of accuracy of the items with respect to their lives over the past two weeks prior to completing the questionnaire. Scores for four domains are calculated: physical, psychological, social and environmental QoL. In this questionnaire higher grades indicate higher self-perception of QoL in each domain. Psychometric measures of this questionnaire are based on data from 23 different countries (N = 11,830) and include good to excellent internal reliability, inter-items correlations, discriminant validity and construct validity (based on factor analysis) [48] . In Israel, the Hebrew version was reported to have a good internal reliability in the unpublished master's thesis of Goldman (2010).
Statistical analysis
Descriptive statistics were calculated for socio-demographic characteristics. Chi-square tests, independent t-tests and multiple analyses of variance (MANOVA) were used to examine between-groups differences in each of the subscales scores and ratings of each instrument. Pearson correlations and regression predictive models were used to examine the relationships between the variables.
Results

Socio-demographic characteristics
A detailed description of the sociodemographic characteristics of the participants was reported previously, with no significant differences found between the groups' age, gender, socio-economic status and level of education [49] .
The group of adults with LD (n = 55) included 34.5% males and 64.5% females ages 20-46 years with mean age 29.58 (SD = 6.4) and the control group (n = 55) included 23.6% males and 76.4% females ages 23-47 with mean age 31.18 (SD = 6.4). This gender ratio is a result of the voluntary turns of the participants and does not represent the gender ratio reported in previous literature (e.g. [50] ).
Differences between adults with and without LD in executive functions, organization in time and perceived quality of life Table 2 , the subsequent univariate ANOVA analyses revealed statistically significant differences between the mean scores of all three subscales (p < .001) with an effect size of 0.34.
Quality of life.
A MANOVA across the four subscales of the WHOQOL yielded statistically significant differences between the two groups (F [1,108] = 5.36, Wilk's Lambda = 0.17, p < .005, η 2 = 0.17). As shown in Table 3 , the subsequent univariate ANOVA analyses revealed statistically significant differences between the mean scores of all four domains scores (p < .05) with effect size of 0.17. Correlations between executive functions, organization in time and quality of life among adults with LD
Pearson correlations examined the relationships between executive functions, organization in time and perceived quality of life among adults with LD. As shown in Table 4 significant relationships were found between the executive functions of adults with LD and their organization in time abilities and QoL. In addition, the organization in time abilities of adults with LD were significantly correlated with their QoL scores. Executive functions and organization in time abilities as predictors of quality of life Table 6 presents the prediction of psychological QoL (WHOQOL). The group accounted for 14.5% of the variance in psychological QoL (F [1,108] = 18.35, p < .001). Initiation (BRIEF-A) 
Discussion
The purpose of this study was to: (a) compare executive functions, organization in time and perceived QoL between adults with LD and a matched control group; and (b) examine the relationships and predictive relationships between these variables among the group with LD using concepts from the ICF model. In this study differences between the groups were found in all the variables that were examined. However, gender ratios in this sample were not representative of previously reported gender ratios among the population with LD (e.g. [50] ). Therefore the results should be interpreted cautiously.
Results indicated that adults with LD had significantly more executive functions deficiencies than a matched control group. This finding strengthens the initial results of Grinblat regarding EF deficiencies among adult students with LD [27] , and is in line with previous reports on relationships between deficiencies in EF and LD among children and adolescents of various ages ([21,22,23,24,25,26] ). Such relationships are in line with findings about the association of EF with school readiness (e.g. [51, 52] ), school success (e.g. [53, 54, 55] and job success (e.g. [56] ) and raise questions as to the role of executive functions deficiencies in the academic, social and emotional performance of this population.
The largest/maximal difference between the groups in their executive functions was in their working memory score. Adults with LD had significantly more difficulties with working memory compared to their matched controls. This finding is in line with previous literature regarding working memory deficits among children and adolescents with LD (e.g. [21, 22, 25] ) and testifies as to the continuing nature of LD into adulthood. The finding that adults with LD had more limitations in the pace and performance of time organization and more emotional responses following unsuccessful organization of time compared to their matched controls is in line with previous findings [27] . In fact, organization in time is considered to be based upon executive function processes [32] and is required for successful participation in other domains of daily life besides the academic domain, such as home, work, social participation and so on. Thus, further investigation is required with larger samples focusing on daily activities performance characteristics of adults with LD in various life domains beside the academic domain [13] .
In the current study adults with LD perceived their QoL to be lower than that of their peers without LD. This strengthens a previous report of lower QoL found among children with LD [41] . Such findings demonstrate that the health picture of this population is a complicated one and that the lives of these individuals are affected in a comprehensive manner that includes their physical, psychological, social and environmental QoL and not only their academic performance. Lower QoL was reported previously among adults with ADHD [42] and among adults with depression [57] . Further investigation of possible relationships between those health conditions and LD and their dynamic influence on the QoL of adults with LD is recommended.
In this study organization in time of adults with LD was significantly predicted by certain aspects of their executive functions. For example, initiation significantly predicted approximately 15% of the pace and performance of organization in time beyond the contribution of group membership. As far as we know, this is the first study of its kind in which these variables were examined among individuals with LD in general and among adults with LD specifically. Further investigation is recommended in order to achieve a better understanding of the relationships between the deficits of adults with LD in working memory and other EFs and their difficulties in the initiation of tasks. Difficulties with working memory were reported in the past in relation to daily functioning (e.g. [58] ). The results of this study indicate that deficits in the initiation of tasks may underlie these difficulties in daily functioning. Furthermore, future studies should explore other variables which might be associated with the difficulties of adults with LD in the initiation of tasks, such as differences in their sensory profiles [50] .
Another unique and yet plausible finding is that executive emotional control was a significant predictor of the emotional reactions to unsuccessful organization in time beyond the contribution of group membership. In a study by Barkley and Murphy in 2011, they argued that EF self-report and other-reported ratings are more strongly associated than scores on EF tests with impairments in major life activities among adults with ADHD [59] . However both the BRIEF-A and the TOPS which were used in this study examine the functional expressions and behavioral manifestations of EF. Therefore additional tests should be administered in order to neutralize the possibility that the examined emotional constructs measured in the two instruments used in this study were too similar, in order to further validate these results.
The results that indicated that the EF of emotional control and initiation as well as the emotional reactions to unsuccessful organization in time were significant predictors of the psychological QoL of adults with LD beyond the contribution of group membership add further insights into this population. Impaired EF has been reported in the past as related to low levels of QoL (e.g. [37, 38] ). However this finding suggests that the lower psychological QoL of adults with LD may be related not only to their primary deficits in EF but also to secondary emotional reactions to their difficulties in everyday task functions including time organization. These may have a boomerang effect on the executive functions abilities of the person with LD, for example by developing depression, a condition that is commonly found in this population [10, 11] . This in turn may be expressed as occupational and social impairments (e.g. [60] ) as well as a lower QoL (e.g. [57] ) as previously described to exist among adults with depressive disorders.
In accordance with the ICF model concepts, the results of this study demonstrate that adults with LD confront deficiencies in body functions and that these deficiencies are expressed as limitations in their activity and participation in a variety of life domains and not only in their academic performance. These findings strengthen the need to consider this population within a wide health perspective and not only in terms of their academic deficiencies for which they are usually diagnosed and treated [2, 4] . In addition, such deficiencies and limitations need to be considered in the clinical evaluation process of adults with LD in order to provide better and more effective intervention programs. In the original ICF model, the relationships between the ICF components and QoL were addressed as an issue that requires further examination [12] . However, a modified ICF model version was proposed lately by McDougall and colleagues [61] . In this modified version it is thought that all of the ICF model components could potentially affect a person's QoL and contribute to changes in QoL as the person develops over time [62] . Therefore the finding in this study regarding lower perceived QoL among adults with LD indicates that this population should be considered a population at risk and should be treated with preventative and intervention programs in order to avoid the development of secondary emotional complications and decreased QoL.
